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TITLE 

METHOD FOR ADJUSTING OPTICAL AXIS OF OPTICAL DISC DRIVE 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The invention relates to a method for adjusting an 

optical axis of an optical disc drive; in particular, to 
an adjusting method that can assist the optical disc 
drive in more accurately obtaining the data of an optical 
disc disposed thereon . 

10 Description of the Related Art 

Optical disc drives use light to transform 
information stored on an optical disc to a machine- 
readable format, e.g., binary data. Examples of optical 
disc drives are known in the art as compact disc drives 

15 (often referred to simply as CDs) and digital versatile 

disc drives (often referred to simply as DVDs) . Some 
optical disc drives have the additional capability of 
being able to write data onto an optical disc by the use 
of a light source, e.g., a laser. Optical disc drives are 

20 used in various applications including music and video 

playing and recording devices and computer data storage 
devices . 

When the data of an optical disc is obtained by the 
optical disc drive, an RF signal jitter transmitted from 
2 5 an optical pickup of the optical disc drive is 

proportional with an error rate. That is, when the 
jitter is greater, the error rate is also greater. 
Furthermore, when the jitter becomes too great, the data 
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of the optical disc cannot be obtained by the optical 
disc drive. If the optical quality of the laser light, 
reflected to the optical pickup from the optical disc, is 
enhanced, the RF signal jitter can be inhibited. One 
5 manner of enhancing the optical quality is to allow the 

optical axis of the optical pickup (the laser light path 
emitted from the optical pickup) to be normal with the 
surface of the optical disc. Thus, the refractive loss 
and the diffusive loss of the laser light are decreased 

10 during reflection. As a result, in a conventional 

optical disc drive, a mechanism for adjusting its 
turntable or its guide bar is additionally disposed. 
Thus, a plane formed by the turntable or the guide bar 
can be adjusted to compensate the assembly error and the 

15 error of the optical axis of the optical pickup. 

Especially for DVDs, the effect of RF signal jitter due 
to the error of the optical disc drive is more apparent 
than that of CDs. Thus, the adjusting mechanism has 
become standard equipment in DVD players. 

2 0 In a conventional process for manufacturing the 

optical disc drive, the optimal adjustment of the 
adjusting mechanism is determined based on the error rate 
or the value of the RF signal jitter obtained from the 
test disc. During adjustment, the lowest value of the 

25 error rate or the RF signal jitter is the optimal 

adjustment. However, among the factors that influence 
the error rate or the RF signal jitter, there are many 
factors other than the degree of inclination of the 
optical axis of the optical pickup, such as the quality 

30 of the optical disc or circuit noise. That is, the 
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amount of inclination of the optical axis of the optical 

pickup is not the only factor. Thus, in the conventional 

adjusting process, the optimal adjustment is the optimal 

adjustment of the test disc, but not the optical axis of 

5 the optical pickup itself. That is, if the test disc is 

changed to retest the same optical disc drive, the 

position of the optimal adjustment is also changed. 

Furthermore, since the factors influencing the error rate 

and the RF signal jitter are complicated, the lowest 

10 value is difficult to judge. Thus, the optimal 

adjustment is also difficult to judge, and the time 

required for adjustment increases. As a result, the 

adjustment causes a bottleneck, and enhanced throughput 

is difficult to achieve - 

15 SUMMARY OF THE INVENTION 

In view of this, the invention provides a method for 
adjusting an optical axis of an optical disc drive that 
can assist the optical disc drive in more accurately- 
obtaining the data of an optical disc disposed thereon. 
2 0 Another purpose of this invention is to provide a 

device for adjusting an optical axis of an optical disc 
drive that can reduce the adjustment time and assembly 
cost . 

Accordingly, the invention provides a method for 
25 adjusting an optical axis of an optical disc drive. The 

method includes the following steps. An oblique vector 
(Xp, Yp) of an optical axis of an optical pickup of the 
optical disc drive, a laser collimator, a first 
reflecting member, a second reflecting member, and a 
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third reflecting member are provided. The optical disc 
drive includes a guide bar for moving the optical pickup. 
The first reflecting member is disposed on a turntable of 
the optical disc drive. The turntable is rotated to 
5 rotate the first reflecting member, and a laser light is 

emitted on the first reflecting member by the laser 
collimator. A normal vector (Xtt. Ytt) of the turntable is 
measured based on a light point reflected to the laser 
collimator from the first reflecting member. The second 

10 reflecting member is disposed on the guide bar of the 

optical disc drive at a first position, and a laser light 
is emitted on the second reflecting member by the laser 
collimator, and a first initial vector (Xis, Yis) is 
measured based on a light point reflected to the laser 

15 collimator from the second reflecting member. The third 

reflecting member is disposed on the guide bar of the 
optical disc drive at a second position, and laser light 
is emitted on the third reflecting member by the laser 
collimator, and a second initial vector (X2s/ Y2s) is 

2 0 measured based on a light point reflected to the laser 

collimator from the third reflecting member. The guide 
bar is adjusted based on the oblique vector (Xp, Yp) , the 
normal vector (Xtt/ Ytt) / the first initial vector (Xis, 
Yis) , and the second initial vector (X2s/ ^23) so that the 

25 optical axis of the optical pickup is parallel with the 

normal vector of the turntable. 

In a preferred embodiment, a circular trace is 
formed by the light point reflected to the laser 
collimator from the first reflecting member, and the 
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normal vector of the turntable is calculated based on a 
center of the circular trace. 

In another preferred embodiment, the guide bar 
includes a first bar and a second bar, and the second 
reflecting member is in contact with the first bar at a 
first point and a second point and is in contact with the 
second bar at a third point when the second reflecting 
member is disposed on the guide bar. The third 

reflecting member is in contact with the first bar at the 
first point and the second point and is in contact with 
the second bar at a fourth point when the third 
reflecting member is disposed on the guide bar. 

Furthermore, the method further includes the 
following step. The first bar is adjusted to be parallel 
with the second bar so that the optical axis of the 
optical pickup is parallel with the normal vector of the 
turntable when adjusting the guide bar. 

Furthermore, the optical disc drive includes a first 
adjusting screw, a second adjusting screw, and a third 
adjusting screw. The first adjusting screw is used for 
adjusting the first bar. The second adjusting screw and 
the third adjusting screw are used for adjusting the 
second bar. The first bar is made parallel to the second 
bar by adjusting the first adjusting screw, the second 
adjusting screw, and the third adjusting screw when 
adjusting the guide bar. 

Furthermore, a distance between the first point and 
the second point is Li, and the first adjusting screw is 
adjusted by (X2s-Xtt + Xp) Li . 
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Furthermore, a first vector from the first point to 
the third point is (L21 ^ -L3) , and a second vector from the 
first point to the fourth point is (L20 " -L3) , and a 
distance between the third point and the second adjusting 
screw is Lio/ and a distance between the fourth point and 
the third adjusting screw is Loo- The second adjusting 
screw is adjusted by (Xis-Xtt+Xp) L21+ (Ytt-Y?- Yis) L3- [ (Xas- 
Xtt+Xp) L20+ (Ytt-Yp-Y2s) L3- (Xis-Xtt+Xp) L21- (YxT-Yp-Yis) L3] Lio/ (L20- 
L21) • The third adjusting screw is adjusted by (X2S- 
Xtt+Xp) L20+ (Ytt-Yp-Y2s) L3+ [ (X2s-Xtt+Xp) L20+ (Ytt-Yp-Y2s) L3- (Xis- 
Xtt+Xp) L21- (Ytt-Yp-Yis) L3] Loo/ (L20-L21) . 

In this invention, a device for adjusting an optical 
axis of an optical disc drive is provided. The adjusting 
device includes a plurality of reflecting members and a 
laser collimator. The reflecting members are disposed on 
the optical disc drive. The laser collimator is used for 
emitting a laser light on the reflecting members and 
measuring a normal vector of a base of the optical disc 
drive and a normal vector of a turntable of the optical 
disc drive. 

In a preferred embodiment, the device further 
includes an adjusting unit for adjustment of adjusting 
screws of the optical disc drive so that a first bar of 
the optical disc drive is parallel with a second bar of 
the optical disc drive and an optical axis of an optical 
pickup of the optical disc drive is parallel with the 
normal vector of the turntable. 

In another preferred embodiment, a surface, facing 
the laser collimator, of each of the reflecting members 
is made of reflective material. 
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In another preferred embodiment, the laser 
collimator includes an image pickup for obtaining a light 
point reflected back to the laser collimator from the 
reflecting members to form images. 

In another preferred embodiment, the device further 
includes a beam splitter disposed between the laser 
collimator and the reflecting members. The beam splitter 
is used for guiding the laser light emitted from the 
laser collimator to a predetermined position on each of 
the reflecting members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
examples with references made to the accompanying 
15 drawings, wherein: 

Fig. la and Fig. lb are schematic views of a 
traverse module of a normal optical disc drive, wherein 
Fig. la shows a top surface of the traverse module, and 
Fig. lb shows a bottom surface of the traverse module; 
2 0 Fig. 2a-2f are schematic views showing a method for 

adjusting an optical axis of an optical disc drive as 
disclosed in this invention, wherein Fig. 2a shows a 
first reflecting member of an adjusting device as 
disclosed in this invention, and Fig. 2b shows a 
2 5 relationship between a laser collimator of the adjusting 

device and the first reflecting member disposed on a 
turntable of the optical disc drive, and Fig. 2c shows a 
second reflecting member of the adjusting device as 
disclosed in this invention, and Fig. 2d shows a 
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relationship between the laser collimator and the second 

reflecting member disposed on a guide bar of the optical 

disc drive, and Fig. 2e shows a third reflecting member 

of the adjusting device as disclosed in this invention, 

and Fig. 2f shows a relationship between the laser 

collimator and the third reflecting member disposed on 

the guide bar; and 

Fig. 3 is a plane view of a traverse module of the 

optical disc drive as disclosed in this invention, 

wherein a contact point between the reflecting members 

and the guide bar is shown. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. la and Fig. lb, a basic 
construction of a traverse module of a normal optical 
disc drive is now described. The traverse module 10 
includes a turntable 11, an optical pickup 12, a guide 
bar 13, a first adjusting screw 14, a second adjusting 
screw 15, a third adjusting screw 16, and a base 17. 

The turntable 11 is used for rotating an optical 
disc (not shown) disposed thereon. The optical pickup 12 
is used for obtaining the data of the optical disc. The 
guide bar 13 includes a first bar 131 and a second bar 
132, and is used for moving the optical pickup 12. The 
first adjusting screw 14 is used for adjusting a position 
of the first bar 131. The second adjusting screw 15 and 
the third adjusting screw 16 are used for adjusting a 
position of the second bar 132. The optical pickup 12 is 
disposed on the base 17. Since the other components of 
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the traverse module 10 are less relevant to this 
invention, their description is omitted. 

Referring to Figs. 2a-2f, a device for adjusting an 
optical axis of an optical disc drive is described. The 
adjusting device includes a laser collimator 21, a first 
reflecting member 22, a second reflecting member 23, a 
third reflecting member 24, and a beam splitter 25. 

As shown in Fig. 2b, Fig. 2d, and Fig. 2f, the laser 
collimator 21 is used for emitting a laser light on the 
first reflecting member 22, the second reflecting member 
23, and the third reflecting member 24. The laser 
collimator 21 includes an image pickup 26 for obtaining a 
light point reflected back to the laser collimator 21 
from the first reflecting member 22, the second 
reflecting member 23, and the third reflecting member 24 
to form images so that a normal vector Nt of a turntable 
and a normal vector Nb of the guide bar of the traverse 
module 10 of the optical disc drive are measured as shown 
in Fig. la. 

As shown in Fig. 2a and Fig. 2b, the first 
reflecting member 22 is disposed on the turntable 11 of 
the traverse module 10. As shown in Fig. 2c and Fig. 2d, 
the second reflecting member 23 is disposed on the guide 
bar 13 of the traverse module 10 at a first position, and 
is in contact with the first bar 131 at a first point 31 
and a second point 32 and is in contact with the second 
bar 132 at a third point 33. Furthermore, as shown in 
Fig. 2e and Fig. 2f, the third reflecting member 24 is 
disposed on the guide bar 13 of the traverse module 10 at 
a second position, and is in contact with the first bar 
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131 at the first point 31 and the second point 32 and is 
in contact with the second bar 132 at a fourth point 34. 

It is noted that the contact points between the 
second reflecting members 23 and the first bar 131 are 
the same as those between the third reflecting member 24 
and the first bar 131 in this embodiment. It is 
convenient, but not limited to the following description; 
that is, the contact points between the second reflecting 
members 2 3 and the first bar 131 may not be the same as 
those between the third reflecting member 24 and the 
first bar 131. In contrast, the position of the third 
point 33 must be different from that of the fourth point 
34 . 

Furthermore, it is understood that a surface, facing 
the laser collimator 21, of each of the reflecting 
members 22, 23, 24 is made of reflective material. Thus, 
the laser light from the laser collimator 21 can be 
reflected back to the laser collimator 21 by the 
reflecting members 22, 23, 24. 

The beam splitter 25 is disposed between the laser 
collimator 21 and the reflecting members 22, 23, 24. The 
beam splitter 25 is used for guiding the laser light L 
emitted from the laser collimator 2 to a predetermined 
position of each on the reflecting members 22, 23, 24. 

In addition, it is understood that the adjusting 
device further includes an adjusting unit (not shown) for 
adjustment of the adjusting screws 14, 15, 16 of the 
traverse module 10 based on the normal vector Nt of the 
turntable and the normal vector Nb of the guide bar by 
the laser collimator 21 so that the first bar 131 of the 
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traverse module 10 is parallel with the second bar 132 of 
the traverse module 10. Thus, an optical axis of the 
optical pickup 12 of the traverse module 10 can be 
parallel with the normal vector Nt of the turntable. 

The adjusting device of this invention is described 
above, and a method for adjusting an optical axis of an 
optical disc drive as disclosed in this invention is 
described as follows. 

Before the adjusting method of this invention is 
described in detail, the relationship between the optical 
axis of the optical pickup and the optical disc must be 
reviewed. 

As stated above, to enhance the optical quality of 
the optical disc drive, the optical axis of the optical 
pickup should be normal with the surface of the optical 
disc. Furthermore, as shown in Fig. la, when the optical 
axis of the optical pickup is normal with the surface of 
the optical disc, the optical axis of the optical pickup 
is parallel with the normal vector Nt of the turntable so 
that the optimal adjustment of the adjusting screws 14, 
15 ,16 can be attained. It is noted that an oblique 
vector Np of the optical axis of the optical pickup 
relative to the base 17 can be produced during the 
manufacture thereof- If the normal vector Nt of the 
turntable and the normal vector Nb of the guide bar can 
be measured, the optimal adjustment can be obtained by 
the geometrical relationship. However, since the 

turntable 11 may be axial ly runout, the normal vector Nt 
of the turntable 11 may be changed due to the rotating 
angle of the turntable 11. In addition, since both the 
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first bar 131 and the second bar 132 are disposed on a 
body of the optical disc drive at two locations 
respectively, the normal vector Nb of the guide bar may 
be changed due to the difference of the position of the 
5 optical pickup 12 on the guide bar 13. 

Thus, the main subject of this invention is to 
obtain the optimal adjustment of the adjusting screws 14, 
15, 16 so that the optimal adjustment of the adjusting 
mechanism of the optical disc drive can be obtained. The 

10 following is the deduction process. 

First, referring to Fig. 2c, 2e, 3, the first point 
31 is used as an original point, and a line connected to 
the first point 31 and the second point 32 is used as a 
basic axis. The coordinate of the first point 31 is (0, 

15 0, 0), and the coordinate of the second point 32 is (Li, 

0, A) , and the coordinate of the third point 33 is (L21/ 
-L3, Bi) , and the coordinate of the fourth point 34 is 

{ 1'20 # ^1^3/ Bo ) - 

Second, a vector from the first point 31 to the 
20 second point 32 is Si, and a vector from the first point 

31 to the third point 33 is S21 - Thus, the cross product 
of Si and S21 is (-AL3/ BL1-AL21, L1L3) . According to 
this cross product, an oblique vector of the second 
reflecting member 23 is (-AL3/L1L3, ( BjLi - AL21 ) /L1L3 ) 
25 (hereinafter referring to a first initial vector (Xis/ 

Yis) that can be calculated by the laser collimator 21) . 
That is, A= Xis Li / Bi=- Xis L21- Yis L3 • 

By the same theorem, an oblique vector of the third 
reflecting member 24 is (-AL3/L1L3, (BoLi-AIj2o) /L1L3) 
30 (hereinafter referring to a second initial vector (X2S/ 
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Y2s) that can be calculated by the laser collimator 21) . 

That is, Bo=- X2S L20- Yss L3 - 

If the oblique vector of the optical pickup of the 

optical disc drive is known as (Xp, Yp) and the normal 

5 vector of the turntable is known as (Xtt/ Ytt) / the 

object normal vector of the second reflecting member 23 

and the third reflecting member 24 (representing the 

guide bar 13) is (Xp- Xtt/ Yp- Ytt) • 

If the object normal vector of the second reflecting 

10 member 23 is ( - ATL13/L1L3 , ( BitLi - AtIj2 i ) / LiLs ) and the 

object normal vector of the third reflecting member 24 is 

(-ATL3/L1L3, (BotLi-'AtL2o) /L1L3) / the object value is the 

following . 

At= Li (Xp— Xtt) / 

15 BiT=- (Xp- Xtt) Lai + (Yp- Ytt) L3 / 

BoT=~ (Xp- Xtt) 1'2o+ (Yp- Ytt) Lb • 

By the object value minus the initial value, a 
proximal adjusting value of the first adjusting screw 14 
can be obtained (Af=At-A) , and a proximal adjusting value 

20 of the second adjusting screw 15 can be obtained (Bip=Bit- 

Bi) , and a proximal adjusting value of the third adjusting 
screw 16 can be obtained (Bof=Bot-Bo) . It is noted that 
the position of the third point 33 cannot be located on 
the second adjusting screw 15, and the position of the 

25 fourth point 34 cannot be located on the third adjusting 

screw 16, A distance between the third point 33 and the 
second adjusting screw 15 is Lio, and a distance between 
the fourth point 34 and the third adjusting screw 16 is 
Loo- By the geometrical calculation, the adjustment 

30 amount of the first adjusting screw 14 is (X2s-Xtt+Xp) Li , 
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and the adjustment amount of the second adjusting screw 

15 is (Xis-Xtt+Xp) L21+ ( Ytt~ Yp- Yis) Ij3~ [ (X2s~Xtt+Xp) L20+ (Yxr^Yp- 

Y2s)L3" (Xis-Xtt+Xp) L21- (Ytt~Yp-Yis) L3] Lio/ (Ij2o~L2i) / and the 

adjustment amount of the third adjusting screw 16 is 

5 adjusted by (Xzs-Xtt+Xp) L20+ (Ytt-Yp-Y2s) L3+ [ (Xss-Xtt+Xp) L20+ (Ytt- 

Yp-Y2s)l'3~ (Xis-Xtt+Xp) L21 - (YxT'Yp-Yis) L3] Loo/ (L2o"1j2i) • 

As stated above, after the adjusting amount of each 

of the adjusting screws 14, 15, 16 is obtained, the 

adjusting method of this invention can be performed. It 

10 is understood that an oblique vector (Xp, Yp) of the 

optical axis of the optical pickup of the optical disc 
drive can be obtained during the manufacture of the 
optical pickup. 

First, as shown in Fig. 2a, the first reflecting 

15 member 22 is disposed on the turntable 11 of the traverse 

module 10. Then, the turntable 11 rotates so that the 
first reflecting member 22 disposed on the turntable 11 
is also rotated. Subsequently, as shown in Fig. 2b, the 
laser light L is emitted on the rotating first reflecting 

20 member 22 by the laser collimator 21. A normal vector 

(X-TTf Ytt) of the turntable 11 can be measured based on a 
light point reflected to the laser collimator 21 from the 
first reflecting member 22. It is noted that a circular 
trace is formed by the light point reflected to the laser 

2 5 collimator 21 from the first reflecting member 22, and 

the normal vector of the turntable 11 is calculated based 
on a center of the circular trace. 

Second, as shown in Fig. 2c, the second reflecting 
member 23 is disposed on the first bar 131 and the second 

3 0 bar 132 of the traverse module 10 in a manner such that 
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it is in contact with the first bar 131 at a first point 

31 and a second point 32 and is in contact with the 
second bar 132 at a third point 33. Then, as shown in 
Fig. 2d, a laser light L is emitted on the second 
reflecting member 23 by the laser collimator 21, and a 
first initial vector (Xis, Yis) is measured based on a 
light point reflected to the laser collimator 21 from the 
second reflecting member 23. 

Third, the third reflecting member 24 is disposed on 
the first bar 131 and the second bar 132 of the traverse 
module 10 in a manner such that it is in contact with the 
first bar 131 at the first point 31 and the second point 

32 and is in contact with the second bar 132 at a fourth 
point 34. Then, as shown in Fig. 2f, a laser light L is 
emitted on the third reflecting member 24 by the laser 
collimator 21, and a second initial vector (X2s/ Y2s) is 
measured based on a light point reflected to the laser 
collimator 21 from the third reflecting member 24. 

Finally, based on the oblique vector (Xp, Yp) of the 
optical axis of the optical pickup of the optical disc 
drive, the normal vector (Xtt/ Ytt) of the turntable, the 
first initial vector (Xig, Yis) , and the second initial 
vector (X2s/ ^2s) / the adjustment amount of the first 
adjusting screw 14 is (Xzs-Xtt+Xp) Li , and the adjustment 
amount of the second adjusting screw 15 is (Xis- 
Xtt+Xp) L21+ (Ytt-Yp-Yis) L3- [ (X2s-Xtt+Xp) L20+ (Yxr-Yp-Yas) Lb- (Xis- 
XxT+Xp) L21- (Ytt-Yp-Yis) L3] Lio/ (L20-L21) / and the adjustment 
amount of the third adjusting screw 16 is adjusted by 
(X2s-Xtt+Xp) L20+ (Ytt-Yp-Y2s) L3+ [ (X2s-Xtt+Xp) L20+ (Ytt-Yp-Y2s) L3- 
(Xis-Xtt+Xp) L21- (Ytt-Yp-Yis) L3] Loo/ (L20-L21) ■ Based on the 
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adjustment amounts of the adjusting screws 14, 15, 16, 
the adjusting screws 14, 15, 16 are adjusted so that the 
first bar 131 is made parallel to the second bar 132. 
Thus, the optical axis of the optical pickup is parallel 
to the normal vector Nt of the turntable. 

By the adjusting device and method of this 
invention, the optimal adjustment can be determined 
simply by the optical quality. Thus, the other factors, 
such as the difference of the optical discs or the 
electronic signal, can be prevented from affecting the 
determination of the optimal adjustment. As a result, 
the optical disc drive can more accurately obtain the 
data of the optical disc. 

Compared with the conventional adjustment method by 
RF signal jittering or the error rate, the determining 
standard of the adjusting method of this invention is 
more clear and precise. After the automatic adjusting 
unit is introduced, the adjusting time of the optical 
axis of the optical pickup and assembly cost thereof can 
be greatly reduced. 

While the invention has been described by way of 
example and in terms of the preferred embodiment, it is 
to be understood that the invention is not limited to the 
disclosed embodiment. To the contrary, it is intended to 
cover various modifications and similar arrangements (as 
would be apparent to those skilled in the art) . 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass 
all such modifications and similar arrangements. 
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